would allow analysis of whether cleavage of target RNAs results in immunity. The prokaryotic CRISPR/Cmr complex and the analogous eukaryotic siRNA system have evolved independently into sophisticated RNA interference systems that play a major role in the neverending war between cells and their mobile invaders.
Equalization of X-linked gene dosage between XX females and XY males is achieved by inactivating one of the two X chromosomes during early female embryonic development. The mechanisms that trigger this process have remained tantalizingly mysterious. Males with only one X chromosome never initiate X chromosome inactivation (XCI). So how do XX female cells register the presence of two X chromosomes and trigger XCI? Furthermore, how does an XX cell ensure that only one X is inactivated, not both? A region of the X chromosome, the X inactivation center (Xic), orchestrates the initiation of XCI. The Xic is required both in cis on the chromosome to be inactivated and in trans as inactivation will only be triggered if at least two Xics are present in a cell. The cis action of the Xic is ensured by the noncoding Xist transcript, which coats the chromosome it is transcribed from and induces silencing. The trans-function of the Xic, which ensures correct Xist upregulation in XX cells, is less well understood. The existence of an X-linked competence factor, expressed only in XX cells and rendering cells competent for Xist activation, has been postulated (Lee, 2005) . Transient homologous pairing between the Xics has also been proposed to participate in Xic trans-regulation (Augui et al., 2007) , but the nature of the molecular actors involved in such trans-functions remains unclear. In this issue of Cell, Jonkers et al. (2009) tested several regions of the Xic for their capacity to trigger Xist expression in mouse embryonic stem cells. They report the exciting discovery that the RLIM protein, encoded by the X-linked Rnf12 gene, activates Xist in a dose-dependent manner-a mechanism that allows the cell to count the number of active X chromosomes present (Figure 1) .
The Xic was originally defined, thanks to studies of deleted or translocated X chromosomes, as a region spanning several megabases. Subsequent transgenesis and deletion studies suggested that Xic might boil down to an ~100 kilobase region containing Xist and its antisense control unit, Tsix/Xite. However, two lines of evidence indicated that this region was not sufficient to recapitulate all of the functions of the Xic. First, single-copy transgenes including Xist-Tsix/Xite could not trigger XCI, either in cis or in trans (Heard et al., 1999,) implying that critical Xic sequences were lacking. Second, deletion of the Xist-Tsix/ Xite region on one X chromosome in an XX cell did not disrupt the cell's capacity to trigger XCI of its intact X chromosome X chromosome Inactivation: when dosage counts How do mammals count their X chromosomes and keep only one X active per cell? In this issue, Jonkers et al. (2009) show that Rnf12/RLIM, encoded by the X-linked gene Rnf12, induces X chromosome inactivation only when present above a certain threshold, a condition fulfilled when at least two Xs are active. (Monkhorst et al., 2008 One possible explanation is that Rnf12 is subject to very rapid XCI. Thus, female cells that start to inactivate one X chromosome will rapidly lose competence for initiating XCI, thereby preventing the second X chromosome from being inactivated (Figure 1) . However, the accuracy with which monoallelic Xist expression is ensured during female embryonic stem cell differentiation points to further layers of regulation that prevent biallelic Xist expression. Indeed, in the mouse, antisense Tsix transcription plays such a role by preventing Xist upregulation on one allele during early differentiation. How, then, is monoallelic regulation of Tsix ensured? One hypothesis is that transient pairing at the Tsix/Xite locus participates in generating an asymmetric distribution of transcription factors at this locus.
How might the Rnf12/RLIM protein control Xist expression? This protein was previously shown to have a role in finetuning the levels of several transcription factors of the LIM family via its E3 ubiquitin ligase activity (Ostendorff et al., 2002) . RLIM might similarly fine-tune Xist regulatory factors. What could these be? Pluripotency factors such as Oct4 and Nanog have a repressive effect on Xist, figure 1. Regulation of Xist by Rnf12/RlIm (A) Rnf12 lies 550 kilobases upstream of Xist. The Rnf12/RLIM protein acts as an Xist activator either by activating Xist directly or by interfering with cis-regulatory loci such as Tsix or other control elements (e.g., Xpr, Xce). When activation overcomes repression, Xist RNA is produced and initiates X chromosome inactivation, thereby shutting down one allele of Rnf12 in cis. (B) During the differentiation of mouse embryonic stem cells, negative and positive signals have to be integrated at the Xist locus, which will only be expressed when a stimulation threshold (dotted line) is reached. In undifferentiated cells, pluripotency factors prevent Xist expression. When these factors are downregulated during the early stages of differentiation, integrated Xist stimulation will rise and will cross the activation threshold only in female cells, which encode more X-linked Xist activators than male cells. Homologous physical pairing (gray arrows) at that stage may help to break the symmetry between the X inactivation centers (Xics), thereby disfavoring activation of Xist on both alleles at the same time. Later during differentiation, cis silencing mediated by Xist RNA downregulates its X-linked activators, leading to a drop in its stimulation signal. X chromosome activity thus becomes equivalent between males and females. preventing its expression in undifferentiated embryonic stem cells (Navarro et al., 2008; Donohoe et al., 2009) . RLIM might regulate the stability of such factors or their binding to regulatory elements of Xist. Alternatively, RLIM may regulate Xist via other, unknown factors. Importantly, Rnf12 itself may be regulated by pluripotency factors. Jonkers et al. show that a 10 kilobase region 5′ to Rnf12, containing multiple strong binding sites for pluripotency factors (Marson et al., 2008) , is essential for its expression. This raises the interesting possibility that Xist may in fact be regulated both directly and indirectly by pluripotency factors.
Another important question concerns the location of the Xist cis-regulatory elements that are targeted by RLIM and its partners. The fact that Xist cannot be activated in the context of a large single-copy transgene, even in female embryonic stem cells where a double dose of Rnf12/RLIM is present and Xist is activated on one of the two X chromosomes (Heard et al., 1999) , suggests that sequence targets of Rnf12/RLIM-mediated Xist activation may lie several hundred kilobases away from Xist. Candidate regions for such long-range regulatory sequences include Xpr, which lies 5′ to Xist and has been proposed to influence Xist expression in trans, or the genetically defined Xce locus, which lies 3′ to Xist (Heard and Avner, 2001 , for review). Importantly, Jonkers et al. also show that the human RLIM protein can trans-activate the mouse Xist gene, arguing that RLIM could act on Xist independently of its regulatory partner Tsix, which is not well conserved in humans.
Finally, Jonkers et al. also demonstrate that Rnf12/RLIM is not the only dose-dependent trigger of XCI. Female embryonic stem cells missing one Rnf12 allele are still able to initiate XCI, albeit with reduced efficiency. This finding suggests the existence of further X-linked Xist trans-activators. The study by Jonkers and coworkers has far-reaching implications for X chromosome inactivation. Not only do these investigators identify the first dosage-sensitive protein involved in sensing or counting the number of X chromosomes, they also prompt re-evaluation of the extent and content of the Xic. Indeed, these exciting observations suggest that other X-linked genes might be involved in Xist trans-activation either within or maybe even beyond the Xic interval.
The primary function of the nervous system is to generate flexible behavior in a changing environment. Behaviors devoted to securing food, water, and shelter are, of course, essential to survival. Yet even more important to survival is defending against immediate threat, inasmuch as failing to do so often makes the difference between life and death. Not surprisingly, the brain's defensive system is highly adapted to generate rapid autonomic and behavioral responses to threatening stimuli, such as a predator in the forest, a bully at the office, or an aversive stimulus in the laboratory. Extensive An Acid-sensing channel sows fear and Panic
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